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Abstract
In this paper, we consider the impulsive stabilization problems for two kinds of 2nd-order linear
delay differential equations. By the method of Lyapunov functionals, criteria on the exponential
stabilization by impulses and exponential stabilization by periodical impulses are gained. The control
effects of impulses are especially stressed in the definitions and results. Some examples are also given
to show the applications of our results.
 2003 Elsevier Inc. All rights reserved.
1. Introduction
Recently, the problem of impulsive stabilization for differential equations has attracted
many authors’ attentions and some results have been published. For example, see [1–11]
and references therein. Among these investigations, one problem is very interesting, which
assume that a given equation without impulses is stable, and it can be turned into asymptoti-
cally stable under proper impulsive controls ([3,5–9], etc.). Of course, the similar problems
such as the impulsive stabilization of an equation which is originally unstable, are also
very interesting and important. About this aspect, there are a few of articles. However, the
presented references here (see [1,2,4,10,11]), dealt with mostly the first-order delay differ-
ential equations (abbreviated as DDEs, see [4]) and the second-order ordinary differential
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DDE with impulses is [10]. Therein the following n-order linear DDE with impulses was
studied:
x˙(t) +
m∑
i=1
Ai(t)x
[
hi(t)
]= r(t), t  0,
x(ξ) = ϕ(ξ), ξ < 0,
x(τj ) = Bjx
(
τ−j
)
, j = 1,2, . . . , (I)
with the following assumptions:
(a1) 0 = τ0 < τ1 < τ2 < · · · are fixed points, limj→∞ τj = +∞;
(a2) r ∈ L∞, columns of Ai , i = 1, . . . ,m, are in L∞, where L∞ is a Banach space of
essentially bounded Lebesgue measurable functions y : [0,+∞) → Rn, Rn is the
space of n-dimensional column vectors x = col(x1, . . . , xn) with the norm ‖x‖ =
max1in |xi|;
(a3) hi : [0,+∞) → R are Lebesgue measurable functions,
hi(t) t, i = 1, . . . ,m;
(a4) ϕ : (−∞,0) → Rn is a Borel measurable bounded function;
(a5) B = supj ‖Bj‖∞;
(a6) τj+1 − τj  ρ > 0.
On the basis of Bohl–Perron type theorem for impulsive DDE, the following sufficient
stability conditions for (I) are given:
Theorem [10, Theorem 5.2]. Suppose the hypotheses (a1)–(a6) hold and there exist
positive constants δ, σ,ρ such that t − hk(t) < δ, ρ  τj+1 − τj  σ , j = 1,2, . . . ,
B = supj ‖Bj‖ < 1, and
m∑
k=1
vrai sup
t>0
∥∥Ak(t)∥∥
(
−σB
2
lnB
+ 2σ
)
< 1. (II)
Then the impulsive equations (I) are exponentially stable.
In [1], Feng proposes two concepts: “exponential stabilization by impulses” and “expo-
nential stabilization by periodical impulses” for the following 2nd-order ODE:
x ′′(t) +p(t)x(t) = 0, t  t0, (III)
and proves that if the coefficient p(t) is continuous on [t0,+∞), then there exist explicitly
impulsive controls such that Eq. (III) under these controls will become exponentially stable.
In [11], these definitions and related results are generalized to linear ordinary differential
systems.
Our present paper deals with the impulsive stabilization which includes “exponential
stabilization by impulses” and “exponential stabilization by periodical impulses” for two
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definitions of “exponential stabilization by impulses” and “exponential stabilization by
periodical impulses.” In Section 3, by using Lyapunov methods, we obtain sufficient con-
ditions of impulsive stabilization. It is worth noticing that these results actually deal with
the global stabilization, i.e., under the conditions, all solutions of the equation exponen-
tially convergent to zero. At the end of this paper, by using Mathematica software, we give
some examples to show that impulses can make some unstable 2nd-order DDEs into ex-
ponentially stable. From this point, we know that the impulses are very important for the
stabilization of the equations.
2. Preliminaries
Let R be the real axis, and N be the set of all positive integers. We consider the following
two equations:{
x ′′(t) + a(t)x(t − τ ) = 0, t  t0,
x(t) = ϕ(t), t0 − τ  t  t0, x ′(t0) = y0, (1)
and {
x ′′(t) + ∫ tt−τ b(t − u)x(u) du = 0, t  t0,
x(t) = ϕ(t), t0 − τ  t  t0, x ′(t0) = y0. (2)
Meanwhile we also consider the corresponding equations with impulses:

x ′′(t) + a(t)x(t − τ ) = 0, t  t0, t = tk,
x(t) = ϕ(t), t0 − τ  t  t0, x ′(t0) = y0,
x(tk) = Ik(x(t−k )), x ′(tk) = Jk(x ′(t−k )),
(1′)
and 

x ′′(t) + ∫ t
t−τ b(t − u)x(u) du = 0, t  t0, t = tk,
x(t) = ϕ(t), t0 − τ  t  t0, x ′(t0) = y0,
x(tk) = Ik(x(t−k )), x ′(tk) = Jk(x ′(t−k )),
(2′)
with the following assumptions:
(H1) x(t) : [t0 − τ,+∞) → R;
(H2) a(t) is continuous on [t0,+∞), b(t) is continuous on [0, τ ];
(H3) t0 < t1 < · · · < tk < · · ·, k ∈ N, limk→∞ tk = +∞;
(H4) Ik , Jk : R → R are both continuous, and Ik(0) = Jk(0) ≡ 0, k ∈ N;
(H5) For each continuous function z(t), we denote by z′(t) the right derivative of z(t), i.e.,
z′(t) lim
h→0+
z(t + h) − z(t)
h
,
all the symbols x ′(t), x ′′(t) [x ′(t)]′ in the equations satisfy the above definition;
(H6) ϕ : [t0 − τ, t0] → R, has at most finite discontinuity points of the first kind and is right
continuous at these points.
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impulsive equation (1′) (or (2′)), starting from (t0, ϕ, y0), if
(i) x(t) and x ′(t) are both continuous on [t0, t0 + α)\{tk, k ∈ N};
(ii) x(t) = ϕ(t), t ∈ [t0 − τ, t0], x ′(t0) = y0;
(iii) x(t) satisfies the first equality of (1′) (or (2′)) on [t0, t0 + α)\{tk, k ∈ N};
(iv) x(t) and x ′(t) both have two-side limits and right continuous at points tk , k ∈ N, and
x(tk), x
′(tk) satisfy the 3rd equality of (1′) (or (2′)).
We denote by x(t; t0, ϕ, y0) the solution of (1′) (or (2′)), starting from (t0, ϕ, y0).
Remark 1. The global existence and uniqueness of solutions for (1′) (or (2′)) can be found
in [3,12]. In the following, we always assume that the solutions of (1′) (or (2′)) exist in
[t0,+∞).
Next we give definitions about the impulsive stabilization of Eq. (1′) (or (2′)), i.e., the
definitions for “exponential stabilization by impulses” and “exponential stabilization by
periodical impulses.”
Definition 2. Equation (1) (or (2)) is said to be exponentially stabilized by impulses, if
there exist α > 0, sequence {tk}, and function sequences on R: {Ik}, {Jk}, satisfying (H3),
(H4), such that for all ε > 0, there exists δ > 0 and once the solution of (1′) (or (2′))
x(t; t0, ϕ, y0) meets√
‖ϕ‖2 + y20  δ;
then √
x2(t) + x ′2(t) ε exp[−α(t − t0)], t  t0,
where ‖ϕ‖ supt0−τst0 |ϕ(s)|.
Definition 3. Equation (1) (or (2)) is said to be exponentially stabilized by periodical im-
pulses, if there exist α > 0, sequence {tk} satisfying (H3) and tk − tk−1 = c (here c is a
positive constant), and function sequences on R: {Ik}, {Jk} satisfying (H4) and
I1(u) = · · · = Ik(u) = · · · , J1(u) = · · · = Jk(u) = · · · , k = 1,2, . . . , ∀u ∈ R,
such that for all ε > 0, there exists δ > 0 and once the solution of (1′) (or (2′)) x(t; t0, ϕ, y0)
meets√
‖ϕ‖2 + y20  δ;
then √
x2(t) + x ′2(t) ε exp[−α(t − t0)], t  t0.
In the next section, we give two criteria for the impulsive stabilization of Eqs. (1)
and (2).
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First we consider Eq. (1).
Theorem 1. If a(t) is continuous and bounded on [t0,+∞), with |a(t)|A (here A 0),
and if
Aτ < exp
{−(1 + A)τ}, (3)
then Eq. (1) can be exponentially stabilized by impulses.
Proof. We have from the inequality (3) that we could find α > 0, l  τ such that
Aτ  exp
[−2α(l + τ )] exp[−(1 + A)l]. (4)
Let α, l be as in (4). For any sequence {tk} such that t0 < t1 < · · · < tk < · · · , limk→∞ tk =
+∞, with τ  tk − tk−1  l, we define Ik(u) = Jk(u) = dku, k = 1,2, . . . , where
dk =
√
pk − Aτ
2
, pk = exp
[−2α(tk+1 − tk + τ )] exp[−(1 + A)(tk+1 − tk)].
By (4) it is easy to verify that dk is a non-negative real number. For all ε > 0, let δ be as
follows:
δ = ε√
1 + Aτ exp
[−α(t1 − t0)] exp
[
−1
2
(1 + A)(t1 − t0)
]
.
We shall prove that for each solution x(t; t0, ϕ, y0) of Eq. (1′), the inequality
√
‖ϕ‖2 + y20
 δ implies√
x2(t) + x ′2(t) ε exp[−α(t − t0)], t  t0.
(10) If t ∈ [t0, t1), let V (t)  [x2(t) + x ′2(t)] +
∫ t
t−τ |a(s + τ )|x2(s) ds; then V (t) has
the following properties:
(i) x2(t) + x ′2(t) V (t);
(ii) V (t) [x2(t) + x ′2(t)]+ Aτ‖xt‖2  (1 + Aτ )‖xt‖2 + x ′2(t)
 (1 + Aτ )[‖xt‖2 + x ′2(t)],
where ‖xt‖ supt−τst |x(s)|;
(iii) when t ∈ (t0, t1), if we denote by V˙ (t) the right upper derivative of V (t) along the
solution of (1′), then we have
V˙ (t) = 2x(t)x ′(t) + 2x ′(t)x ′′(t) + ∣∣a(t + τ )∣∣x2(t) − ∣∣a(t)∣∣x2(t − τ )
= 2x(t)x ′(t) − 2a(t)x ′(t)x(t − τ ) + ∣∣a(t + τ )∣∣x2(t) − ∣∣a(t)∣∣x2(t − τ )

[
x2(t) + x ′2(t)]+ ∣∣a(t)∣∣[x2(t − τ ) + x ′2(t)]
+ ∣∣a(t + τ )∣∣x2(t) − ∣∣a(t)∣∣x2(t − τ )
 (1 + A)[x2(t) + x ′2(t)] (1 + A)V (t),
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V (t) V (t0) exp
[
(1 + A)(t − t0)
]
 V (t0) exp
[
(1 + A)(t1 − t0)
]
.
Thus
x2(t) + x ′2(t) V (t0) exp
[
(1 + A)(t1 − t0)
]
 (1 + Aτ )[‖xt0‖2 + x ′2(t0)] exp[(1 + A)(t1 − t0)]
 (1 + Aτ )δ2 exp[(1 + A)(t1 − t0)]
= ε2 exp[−2α(t1 − t0)]
 ε2 exp
[−2α(t − t0)],
therefore, we obtain on (t0, t1) that√
x2(t) + x ′2(t) ε exp[−α(t − t0)].
By the right continuity of x(t) and x ′(t), the inequality above also holds on [t0, t1). Espe-
cially, we have√
sup
t1−τtt1
[
x2(t) + x ′2(t)] ε exp[−α(t1 − t0 − τ )].
(20) If t ∈ (t1, t2), we also let V (t) [x2(t)+x ′2(t)]+
∫ t
t−τ |a(s + τ )|x2(s) ds, similarly
to (10), we have
V˙ (t) (1 + A)V (t),
that is
x2(t) + x ′2(t) V (t)
 V
(
t+1
)
exp
[
(1 + A)(t2 − t1)
]
=
{[
x2
(
t+1
)+ x ′2(t+1 )]+
t1∫
t1−τ
∣∣a(s + τ )∣∣x2(s) ds
}
× exp[(1 + A)(t2 − t1)]
=
{[
x2(t1) + x ′2(t1)
]+
t1∫
t1−τ
∣∣a(s + τ )∣∣x2(s) ds
}
× exp[(1 + A)(t2 − t1)]
=
{
d21
[
x2
(
t−1
)+ x ′2(t−1 )]+
t1∫
t1−τ
∣∣a(s + τ )∣∣x2(s) ds
}
× exp[(1 + A)(t2 − t1)]
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t1−τtt1
[
x2(t) + x ′2(t)] exp[(1 + A)(t2 − t1)]
+ Aτ sup
t1−τtt1
[
x2(t)
]
exp
[
(1 + A)(t2 − t1)
]

(
d21 + Aτ
)
sup
t1−τtt1
[
x2(t) + x ′2(t)] exp[(1 + A)(t2 − t1)]
 ε2
(
d21 + Aτ
)
exp
[−2α(t1 − t0 − τ )] exp[(1 + A)(t2 − t1)].
By the definition of d1, we derive that
x2(t) + x ′2(t) ε2
(
p1 − Aτ
2
+ Aτ
)
× exp[−2α(t1 − t0 − τ )] exp[(1 + A)(t2 − t1)].
Because of Aτ  p1, we obtain
x2(t) + x ′2(t) ε2p1 exp
[−2α(t1 − t0 − τ )] exp[(1 + A)(t2 − t1)]
= ε2 exp[−2α(t2 − t1 + τ )] exp[−(1 + A)(t2 − t1)]
× exp[−2α(t1 − t0 − τ )] exp[(1 + A)(t2 − t1)]
= ε2 exp[−2α(t2 − t0)]
 ε2 exp
[−2α(t − t0)].
Therefore, we have on (t1, t2) that√
x2(t) + x ′2(t) < ε exp[−α(t − t0)].
Similarly, by the right continuity of x(t) and x ′(t), the above inequality holds on [t1, t2),
and thus it leads to√
sup
t2−τtt2
[
x2(t) + x ′2(t)] ε exp[−α(t2 − t0 − τ )].
(30) Similar to (10) and (20), we can show by induction that for all k ∈ N, when t ∈
[tk−1, tk), we have√
x2(t) + x ′2(t) < ε exp[−α(t − t0)].
Note that the above inequality holds for all t  t0. Thus we complete the proof. 
Remark 2. Under the conditions in Theorem 1, if tk, Ik, Jk also satisfy
tk − tk−1 = l, Ik(u) = Jk(u) = du, k = 1,2, . . . ,
where
d =
√
p − Aτ
2
, p = exp[−2α(l + τ )] exp[−(1 + A)l],
then according to the proof of Theorem 1, (1) can also be exponentially stabilized by
periodical impulses.
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Theorem 2. If b(t) is continuous and bounded on [0, τ ], with |b(t)|B (B 0), and if
Bτ 2 < exp
{−(1 + Bτ )τ}, (5)
then Eq. (2) can be exponentially stabilized by impulses.
Proof. First by (5), we can find α > 0, l  τ such that
Bτ 2  exp
[−2α(l + τ )] exp[−(1 + Bτ )l]. (6)
Let α, l be as in (6). For any sequence {tk} such that t0 < t1 < · · · < tk < · · · , limk→∞ tk =
+∞, with τ  tk − tk−1  l, we define Ik(u) = Jk(u) = dku, k = 1,2, . . . , where
dk =
√
pk − Bτ 2
2
, pk = exp
[−2α(tk+1 − tk + τ )] exp[−(1 + Bτ )(tk+1 − tk)].
By (6) it is easy to verify that dk is a non-negative real number. For any ε > 0, let δ be as
follows:
δ = ε√
1 + Bτ 2 exp
[−α(t1 − t0)] exp
[
−1
2
(1 + Bτ )(t1 − t0)
]
.
Define a Lyapunov functional
V (t)
[
x2(t) + x ′2(t)]+
t∫
t−τ
[ t∫
u
∣∣b(u− s + τ )∣∣x2(s) ds
]
du;
then V (t) satisfies
(i) x2(t) + x ′2(t) V (t);
(ii) V (t) [x2(t) + x ′2(t)]+ Bτ 2‖xt‖2  (1 + Bτ 2)[‖xt‖2 + x ′2(t)];
(iii) when t ∈ (tk−1, tk), k ∈ N, if we denote by V˙ (t) the right upper derivative of V (t)
along the solution of (2′), then V˙ (t) satisfies
V˙ (t) = 2x(t)x ′(t) + 2x ′(t)x ′′(t) −
t∫
t−τ
∣∣b(t − s)∣∣x2(s) ds
+
t∫
t−τ
∣∣b(u− t + τ )∣∣x2(t) du
= 2x(t)x ′(t) − 2
t∫
t−τ
b(t − s)x(s)x ′(t) ds
−
t∫ ∣∣b(t − s)∣∣x2(s) ds +
t∫ ∣∣b(u − t + τ )∣∣x2(t) du
t−τ t−τ
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[
x2(t) + x ′2(t)]+
t∫
t−τ
∣∣b(t − s)∣∣x2(s) ds
+
t∫
t−τ
∣∣b(t − s)∣∣x ′2(t) ds −
t∫
t−τ
∣∣b(t − s)∣∣x2(s) ds
+
t∫
t−τ
∣∣b(u− t + τ )∣∣x2(t) du
= x2(t)
[
1 +
t∫
t−τ
∣∣b(s − t + τ )∣∣ds
]
+ x ′2(t)
[
1 +
t∫
t−τ
∣∣b(t − s)∣∣ds
]
 (1 + Bτ )[[x2(t) + x ′2(t)]]
 (1 + Bτ )V (t).
Similarly to the proof of Theorem 1 and by the inductive method, we can prove that for
each solution x(t; t0, ϕ, y0) of Eq. (2′), the inequality
√
‖ϕ‖2 + y20  δ implies√
x2(t) + x ′2(t) ε exp[−α(t − t0)], t  t0.
We omit the details and thus complete the proof of Theorem 2. 
Remark 3. Under the conditions in Theorem 2, if tk, Ik, Jk also satisfy
tk − tk−1 = l, Ik(u) = Jk(u) = du, k = 1,2, . . . ,
where
d =
√
p − Bτ 2
2
, p = exp[−2α(l + τ )] exp[−(1 + Bτ )l],
then according to the proof of Theorem 2, (2) can also be exponentially stabilized by
periodical impulses.
Remark 4. According to the proof of Theorem 1, we have that
ε = δ√1 + Aτ exp[α(t1 − t0)] exp
[
1
2
(1 + A)(t1 − t0)
]
.
Thus, for each solution of Eq. (1′), starting from (t0, ϕ, y0), we derive that√
x2(t) + x ′2(t) δ C exp[−α(t − t0)], t  t0, (7)
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C = √1 + Aτ exp[α(t1 − t0)] exp
[
1
2
(1 + A)(t1 − t0)
]
.
Since C is a constant and δ is determined only by ϕ and y0, (7) implies that under the
conditions of Theorem 1, all solutions of Eq. (1) can exponentially convergent to zero
under impulsive controls. Similarly, we can see that under the conditions of Theorem 2, all
solutions of Eq. (2) can exponentially convergent to zero under impulsive controls. Thus,
our theorems actually deal with the global stabilization for (1) and (2).
4. Examples
In this section, we give some examples to illustrate the applications of our results.
Example 1. Consider the following equation:

x ′′(t) = 0.00669x(t − 1), t  0, t = k, k ∈ N,
x(t) = ϕ(t), −1 t  0, x ′(0) = y0,
x(k) = dx(k−), x ′(k) = dx ′(k−),
(8)
where d =√(exp(−5.00669)− 0.00669)/2. It is known that the non-impulsive equation
x ′′(t) = 0.00669x(t − 1) is unstable. However, if we let A = 0.00669, l = τ = 1, α = 1, it
is easy to verify manually (or by Mathematica software) that
Aτ = 0.00669 < exp(−5.00669)
= exp[−2α(l + τ )] exp[−(1 + A)τ ] exp[−(1 + A)τ ],
which meets the assumptions in Theorem 1, and d satisfies the conditions in Remark 2.
Thus, the zero solution of (8) is exponentially stable, i.e., an unstable equation x ′′(t) =
0.00669x(t − 1) can be exponentially stabilized by periodical impulses.
Example 2. Consider the following equation:

x ′′(t) = x(t − 0.238), t  t0, t = tk,
x(t) = ϕ(t), t0 − 0.238 t  t0, x ′(t0) = y0,
x(tk) = dx(t−k ), x ′(tk) = dx ′(t−k ),
(9)
where d =√(exp(−1.428)− 0.238)/2. Obviously, equation x ′′(t) = x(t − 0.238) is also
unstable. But if we let A = 1, l = τ = 0.238, α = 1, then we have
Aτ < exp
[−2α(l + τ )] exp[−(1 + A)τ ] exp[−(1 + A)τ ].
Thus, x ′′(t) = x(t − 0.238) can also be exponentially stabilized by periodical impulses.
Example 3. Consider the following equation:

x ′′(t) = 0.00669 ∫ tt−1 x(u) du, t  0, t = k, k ∈ N,
x(t) = ϕ(t), −1 t  0, x ′(0) = y0,− ′ ′ −
(10)
x(k) = dx(k ), x (k) = dx (k ),
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and impulses satisfy the conditions in Theorem 2, which implies that the unstable equation
x ′′(t) = 0.00669 ∫ tt−1 x(u) du can be exponentially stabilized by periodical impulses.
Example 4. Consider the following equation:

x ′′(t) = ∫ tt−0.35 x(u) du, t  t0, t = tk,
x(t) = ϕ(t), t0 − 0.35 t  t0, x ′(t0) = y0,
x(tk) = dx(t−k ), x ′(tk) = dx ′(t−k ),
(11)
where d = √(exp(−1.8725)− 0.1225)/2. Similarly we can verify by Theorem 2 the
unstable equation x ′′(t) = ∫ tt−0.35 x(u) du can be exponentially stabilized by periodical
impulses.
Example 5. Consider the following equation with oscillating coefficients:

x ′′(t) = 0.29656[cos4πt + sin2 4πt]x(t − 1/2), t  0, t = tk,
x(t) = ϕ(t), −1/2 t  0, x ′(0) = y0,
x(tk) = dx(t−k ), x ′(tk) = dx ′(t−k ),
(12)
where d = √(exp(−1.68535)− 0.18535)/2. It is easy to verify that x(t) = (0.3707/
(20π2))e− cos4πt is a solution of the equation x ′′(t) = 0.29656[cos4πt + sin2 4πt](t −
1/2), and it does not convergent to zero. But if we let A = 0.3707, l = τ = α = 1/2, we
have ∣∣0.29656[cos 4πt + sin2 4πt]∣∣A
and
Aτ < exp
[−2α(l + τ )] exp[−(1 + A)τ ].
That is to say, the equation x ′′(t) = 0.29656[cos4πt + sin2 4πt]x(t − 1/2) can be expo-
nentially stabilized by periodical impulses.
From the examples above, we can see that if A, τ (or B, τ ) in Eq. (1) (or (2)) are prop-
erly small, then the unstable equation can be made into exponentially stable by explicit
impulsive controls.
Remark 5. We mention here that although the equation studied in paper [10] is more
general (delays are non-constant, and coefficients are not necessarily continuous) than the
equations herein, there exist still many cases on which [10, Theorem 5.2] cannot be applied
to verify the stability. For example, the impulsive stabilization of Eq. (8) cannot be judged
by it, which implies that our results have their own applications.
Now, please see Example 1. First, we rewrite Eq. (8) to the following matrix form:

[
x ′1(t)
x ′2(t)
]
=
[
0 0
0.00669 0
][
x1(t − 1)
x2(t − 1)
]
+
[
0 1
0 0
][
x1(t)
x2(t)
]
, t  0,
x1(t) = ϕ(t), −1 t  0, x2(0) = y0,
− −x1(k) = dx1(k ), x2(k) = dx2(k ), k = 1,2, . . . .
X. Li, P. Weng / J. Math. Anal. Appl. 291 (2004) 270–281 281Comparing with Eq. (I) and the conditions in [10, Theorem 5.2], we can find that
A1(t) =
[
0 0
−0.00669 0
]
,
∥∥A1(t)∥∥= 0.00669 (by the norm defined in [10]),
A2(t) = −
[
0 1
0 0
]
,
∥∥A2(t)∥∥= 1,
σ = 1, B = d =
√
exp(−5.00669)− 0.00669
2
;
then the left side of (II) becomes(
− d
2
lnd
+ 2
)
+ 0.00669
(
− d
2
lnd
+ 2
)
> 1,
i.e., the criteria in Theorem 5.2 cannot be applied effectively in such 2nd-order linear DDE
as (8).
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